Observations of ionized and neutral gas outflows in radio-galaxies (RG) suggest that AGN radio jet feedback has a galaxy-scale impact on the host ISM, but it is still unclear how the molecular gas is affected. Thus it is crucial to determine the physical conditions of the molecular gas in powerful RG to understand how radio sources may regulate the star formation in their host galaxies. We present deep Spitzer IRS high-resolution spectroscopy of 8 nearby RG that show fast HI outflows. Strikingly, all of these HI-outflow RG have bright H 2 mid-IR lines that cannot be accounted for by UV or X-ray heating. This strongly suggests that the radio jet, which drives the HI outflow, is also responsible for the shock-excitation of the warm H 2 gas. In addition, the warm H 2 gas does not share the kinematics of the ionized/neutral gas. −1 with respect to the systemic velocity) that match well the kinematics of the outflowing HI or ionized gas. The H 2 lines do not show these broad wings, except tentative detections in 4C 12.50, 3C 459 and PKS 1549-79. This shows that, contrary to the HI gas, the H 2 gas is inefficiently coupled to the AGN jet-driven outflow of ionized gas. While the dissipation of a small fraction (< 10%) of the jet kinetic power can explain the turbulent heating of the molecular gas, our data show that the bulk of the warm molecular gas is not expelled from these galaxies.
INTRODUCTION
Active galactic nucleus (AGN) feedback is recognised to have an important effect on galaxy evolution. Widely introduced in numerical simulations of galaxy evolution to clear the circum-nuclear gas and halt the growth of super-massive black holes (Silk & Rees 1998; Di Matteo et al. 2005) , this mechanism would explain the correlations found between the BH mass and e.g. the bulge mass (e.g. Ferrarese & Merritt 2000) , and prevent the formation of too many massive galaxies in the early universe (e.g. Thomas et al. 2005) .
The co-evolution of massive black holes and their host galaxies has been well established observationally in samples at various redshifts (e.g. Tremaine et al. 2002; Alexander et al. 2005) . Nevertheless, detailed observations of individual active galaxies in the nearby universe, where physical processes in the central region can be studied in detail, are essential for answering key questions about the role of AGN in galaxy evolution, such as what is the magnitude of AGN feedback (e.g. gas outflow rates) and what is the main driving mechanism of AGN feedback (e.g. quasar wind, radio jets, circum-nuclear starbursts).
Most of the existing evidence for AGN radio jet feedback on the scales of galaxy bulges comes from observations of outflows of neutral gas (Morganti et al. , 2005b Emonts et al. 2005; Lehnert et al. 2011 ) and ionized gas (Nesvadba et al. 2006 (Nesvadba et al. , 2008 Holt et al. 2008 ) in radio galaxies. These observations suggest that radio jets are an efficient mechanism to convert the energy output of the AGN into an energy input into the ISM, and that radio sources may regulate gas cooling in early-type galaxies (Best et al. 2005 (Best et al. , 2006 Donoso et al. 2009 ).
One of major open questions about estimating mass outflow rates is whether the ionized and HI gas traces the dominant phase of the wind. Therefore it is crucial to compare the masses and kinematics of each gas phase. It has only very recently been recognized that starburst and AGN-driven winds also include molecular components (e.g. Veilleux et al. 2009; Feruglio et al. 2010; Alatalo et al. 2011) . Fischer et al. (2010) and Sturm et al. (2011) reported the discovery of molecular outflows in nearby ULIRGs (e.g. Mrk 231) through the detection of a series of OH and H 2 O lines seen in absorption against the bright IR dust continuum with Herschel/PACS in the λ 78 − 79 µm and λ 119 − 121 µm ranges. However, estimates of outflow rates from absorption lines suffer from major uncertainties regarding e.g. the geometry, and the degeneracy between covering fractions and column densities. Moreover, most of these sources are composite: the co-existence of a starburst, quasar, and radio source makes it difficult to infer what is driving the wind. Starbursts (Rupke et al. 2005) , radiation pressure from the quasar (Feruglio et al. 2010) , and even mechanical interactions with the radio source (Reynolds et al. 2009 ) have all been proposed.
Spitzer IRS spectroscopy opened a new perspective from which to study the impact of the injection of kinetic energy on the formation of molecular gas and regulation of star formation in nearby radio galaxies. Ogle et al. (2010) found that 30% of a sample of 55 nearby 3C radio galaxies have unusually bright mid-IR line emission from warm (10 2−3 K) H 2 gas, with weak tracers of star formation (SF) (e.g. PAHs). The H 2 to PAH luminosity ratio is more than 10 times larger than what is expected from UV and X-ray photon heating. We propose that the H 2 luminosity is associated with the dissipation of a small fraction of the mechanical energy of the radio jet Ogle et al. 2010) . These H 2 -luminous galaxies lie off the Schmidt-Kennicutt relationship, indicating that star-formation may be suppressed relative to nearby normal star-forming galaxies . Numerical simulations also suggest that radio jets appear to be efficient at injecting kinetic energy into the ISM (e.g. Wagner & Bicknell 2011) , possibly inhibiting star formation.
This paper reports on the mid-IR Spitzer IRS (Houck et al. 2004 ) spectroscopy of 8 nearby powerful radio galaxies in which fast (≈ 1000 km s −1 ) outflows of ionized and neutral gas have been detected (Morganti et al. 2005b ). These galaxies are ideal targets to study the impact of AGN feedback on the different phases of the ISM, and in particular on the molecular gas, and thus on star-formation. They present an environment where winds can clearly be associated with the mechanism driving them, namely the radio jet. How is the kinetic energy of the outflow dissipated? Is the molecular gas entrained in the ionized/neutral outflow? If yes, what are the physical processes that control the dynamical coupling between the tenuous gas outflow and the dense molecular gas?
Sect. 2 and 3 present the galaxy sample and details on the data reduction and spectral analysis. Then we discuss spectroscopic diagnostics (sect. 4), focusing on the H 2 gas, and we compare the kinematics of the ionized, HI, and H 2 gas in sect. 5. Sect. 6 discusses the excitation mechanisms and origin of the H 2 gas, and proposes an interpretation of the observed gas heating and kinematics of the multiphase ISM gas of the host galaxy.
THE SAMPLE OF HI-OUTFLOW RADIO GALAXIES
Except PKS 1549-79, all of the observed sources are part of the Morganti et al. (2005b) sample. Most of these sources are bright compact radio sources, with sizes ranging from 0.01 to 40 kpc. These HI-outflow objects appear to belong to the minority of powerful radio galaxies (≈ 35%) that show evidence for recent star formation at optical wavelengths , based on spectral synthesis modelling) and/or mid-IR wavelengths (Dicken et al. 2011 , based on PAH detection). Most such objects are compact radio sources (e.g. CSS/GPS/CSO) or have unusually strong compact steep spectrum cores . The star formation in these objects is probably linked to the presence of an unusually rich ISM in the nuclear regions of the host galaxies, perhaps accreted in gas-rich mergers. In such objects the radio jets are expected to interact particularly strongly with the dense circumnuclear gas. Therefore these are just the type of objects in which we might expect the jets to have a direct impact on the molecular gas.
Some properties of the sample are listed in Table 1 . The stellar masses are derived from the K-band luminosities according to Marconi & Hunt (2003) :
log 10 (M ⋆ ) = −2.3 + 1.21 × log 10 (L K ) ,
where M ⋆ is the bulge stellar mass in M ⊙ and L K the K-band luminosity in L ⊙ . The unabsorbed 2 − 10 keV AGN X-ray fluxes are taken from the literature, except 3C 236, 3C 459 and PKS 1549-79 which were unpublished. For 3C 236, we reprocessed and extracted the Chandra ACIS spectrum. We find that the spectrum is well fitted with a single power law of photon index 1.67, absorbed by a column of N H = 2.3 × 10 23 cm −2 , consistent with the presence of a dust lane close to the nucleus (de Koff et al. 2000) . The 3C 459 and PKS 1549-79 X-ray fluxes were provided by P. O'Brien and M. Hardcastle (private communications). The jet kinetic power is estimated from the 178 MHz flux density, according to the formula 10 derived in Punsly (2005) .
These galaxies all show very broad (up to 1000 km s −1 ) HI absorption profiles, with highly blue-shifted HI gas with respect to their optical systemic velocities, which indicates a fast outflow of neutral gas (e.g. Morganti et al. 2003) . The associated HI mass outflow rates are up to ≈ 60 M ⊙ yr −1 , up to 2 orders of magnitude higher than the mass outflow of ionized gas (see e.g. Emonts et al. 2005 ). These outflow rates are estimated from the gas column density, the outflow velocity, and the radius within which the flow originates (see e.g. Heckman 2002 , for a review). In some cases, like 3C 305 (Morganti et al. 2005a ), IC 5063 (Oosterloo et al. 2000; Morganti et al. 2007 ) and 3C 293 Emonts et al. 2005 ), this radius is estimated from highresolution radio and optical observations, where the outflow is spatially resolved against the radio continuum, and co-spatial with regions where the radio emission in the propagating radio jet is enhanced. For the other sources, the radii are more uncertain. It is assumed that the outflow is coming from the brightest radio continuum region, which in principle provides only a lower limit since the HI absorption can only be traced in regions where the continuum is bright. We checked that these radii are consistent with optical spectroscopy, but note that these radii estimates only provide an order of magnitude. Some of the main radio and HI properties are summarized in Table 2 . In sect. 5.4, we discuss in more detail the HI kinematics, and compare them to the kinematics of the molecular and ionized gas phases.
SPITZER OBSERVATIONS, DATA REDUCTION AND ANALYSIS
The IRS has two high-resolution modules, short high 11 (SH) and long-high 12 (LH), and four low-resolution modules, short-low (SL1 & SL2) and long-low (LL1 & LL2), spanning 5.2 − 38 µm. In low resolution mode (λ/∆λ ≈ 57 − 127), we used publicly available archival data for 7 of the 8 sources. Only PKS 1549-79 was not previously observed at low resolution, hence we observed this source as part of our Spitzer Cycle 4 program p40453. At high resolution (λ/∆λ ≈ 600), we observed 5 sources (3C 236, 3C 305, 3C 459, PKS 1549-79, and IC 5063) as part of our program p40453, and we used archival data for the remaining 3 sources (3C 293, 4C 12.50, and OQ 208) (p30877). The exposure times for each mode are 10 This formula uses the 151 MHz flux density. When a direct measurement at 150 MHz was not available, we derived it from the 178 MHz measurement (taken from NED) by fitting the measured radio SED with a power-law. 11 4.7 ′′ × 11.3 ′′ slit, observed wavelengths from 9.9 to 19.6 µm 12 11.1 ′′ × 22.3 ′′ slit, observed wavelengths from 18.7 to 37.2 µm References.
- ( Guainazzi et al. (2004) a Positions of the sources used for the Spitzer IRS observations. Except for 3C 305, IC 5063 and 4C 12.50, the positions of the radio nuclei are taken from NED (see Sect. 3 for details). b Redshift derived from optical line measurements (see references for the systemic velocities in Table 2 ). c Luminosity distance assuming H 0 = 73 km s −1 Mpc −1 and Ωm = 0.27. d Stellar mass derived from the K-band luminosity. e H 2 gas masses estimated from CO(1-0) measurements. For 4C 12.50, only the H 2 mass in the western lobe is quoted. f Rest 24 µm luminosity measured with Spitzer IRS. We averaged the flux over 23 − 25 µm, after removal of the [NeV] 24.31 µm when present. g Unabsorbed 2 − 10 keV nuclear X-ray luminosity in erg s −1 . For 3C 236 for which we extracted the X-ray spectrum from the Chandra archive (see sect. 6.1). The PKS 1549-79 X-ray flux is from Chandra data (Paul O'Brien, private communication) and agrees with the Suzaku value (4.5 × 10 44 erg s −1 ). The 3C 459 X-ray flux is from XMM data (Martin Hardcastle, private communication). h Ratio of the H 2 line luminosity (summed over the S(0) to S(3) rotational transitions) to the unabsorbed 2 − 10 keV nuclear X-ray luminosity. Emonts et al. (2005) ; (3) Morganti et al. (2005a) ; (4) Zirbel & Baum (1998); (5) Nilsson et al. (1993) ; (6) Xiang et al. (2002) ; (6) Heisler & Vader (1994) ; (7) Morganti et al. (2005b) ; (8) Holt et al. (2006) ; (9) Hill et al. (1996) ; (10) Holt et al. (2008) ; (11) Morganti et al. (1998) ; (12) Marziani et al. (1993) a Size of the radio source. Note that for 3C 293, this is the size of the inner radio source. b Jet cavity kinetic luminosity estimated from the 178 MHz flux (see text, Sect. 2). c Mass of HI gas in the outflowing component (within the radius quoted in the table). d Systemic velocity of the galaxy (see text for details). e Outflow velocity, estimated as half of the full width at zero intensity of the blue-shifted part of the broad HI component. f Radius of the HI outflow region. Except for PKS 1549-79, the radii values are from Morganti et al. (2005b). listed in Table 3 , and were chosen to reach a signal-to-noise ratio of at least 10 for the H 2 S(1) 17 µm line.
Even if the outflow of neutral gas is occurring at a kpc-scale distance from the nucleus, this is still spatially unresolved with the IRS in high-resolution mode. However, two sources (3C 305 and IC 5063) exhibit a more extended inner radio structure, and we placed the slit slightly off-nucleus, coincident with a bright peak in the radio continuum, at a distance of 2 arcsec from the core. Note that the core is still included in all of the IRS slits. The slit positions are given in Figure 1 . 4C 12.50 is a system of two interacting galaxies (Axon et al. 2000) , and the SH slit was positioned only to include the western companion. For the other sources, the slits were centred on the nucleus. Note. -Exposure times for the IRS modules given as number of cycles × ramp duration in seconds.
Spitzer data reduction
The galaxies were observed in staring mode, and placed at two nod positions along the slit (1/3 and 2/3 of the length Figure 1 . Footprints of the high-resolution IRS slits (SH and LH) for the 3C305 and IC5063 galaxies. For these two sources, the radio observations resolve the HI outflow against the radio jet, at a distance of about 2 arcsec from the nucleus. Therefore, the slits were centred slightly off-nucleus, at the location of the broad, blue-shifted HI absorption associated with the outflow (indicated by the orange circle). The position of the radio core is marked with a green cross.
of the slit). The data were processed by the Spitzer Science Center S18.7 pipeline. We started the data reduction from the basic calibrated data products, which include corrections for flat-fielding, stray light and non-linearity of the pixels response. All but one (4C 12.50) galaxies had dedicated sky background (off) observations for all high-resolution modules. When available, the 2D off spectra were subtracted from the on observation for each nod position. For 4C 12.50, the LH module was used to remove the background emission. For the LH observations, we corrected for the time-and positiondependence of the dark current using the DARK_SETTLE routine 13 . The cleaning of rogue pixels was performed using the IRSCLEAN routine 14 . Rogue pixel masks of the corresponding IRS campaigns were used, and a further manual cleaning was done for each nod position and module. The Spitzer IRS Custom Extractor (SPICE) software was used to extract the one-dimensional SH and LH spectra, with optimal extraction. The individual orders within the high-resolution modules were very well aligned in flux and no scaling was applied between the orders. Then the orders were trimmed (by removing the end of each order, where the response drops) and stitched together. Finally a median combination was used to produce the final stacked spectra.
For all but one source (4C 12.50), the continuum levels of the SH and LH matched and no scaling was necessary. For 4C 12.50, we scaled the SH spectrum by a factor of 1.1 to match the LH module, since it is the most accurate due to its background subtraction.
The 3C236 and 3C305 low-resolution spectra were extracted from spectral maps with the CUBISM 15 software. For the other galaxies, the low-resolution observations were done 13 http://irsa.ipac.caltech.edu/data/SPITZER/docs/dataanalysistools/tools/darksettle/ 14 http://irsa.ipac.caltech.edu/data/SPITZER/docs/dataanalysistools/tools/irsclean/ 15 http://irsa.ipac.caltech.edu/data/SPITZER/docs/dataanalysistools/tools/cubism/ in IRS staring mode, and the SMART package 16 was used to perform optimal extraction. We checked on 3C 293 that the SPICE and SMART extractions give very similar results.
Spectral analysis
To measure the fluxes and linewidths of emission lines, we first fitted the spectra with the IDL PAHFIT (Smith et al. 2007) tool, which decomposes the spectra into starlight, thermal blackbody emission (extinguished by a uniform dust screen if specified), resolved PAH features (fitted by Drude profiles), and emission lines. Originally designed to fit low-resolution Spitzer IRS spectra, we adapted the routine to handle highresolution data. In particular, we allow the emission lines to be spectrally resolved and we fit them by Gaussian profiles.
We use the PAHFIT decompositions to measure the fluxes of the PAH complexes, and to produce starlight-free and dustfree spectra. Except for OQ 208 and PKS 1549-79, we do not include any extinction in the fit. For OQ 208, 4C 12.50 and PKS 1549-79, we introduced the capability of fitting silicate absorption features at 9.7 and 18 µm. Then we ran PAHFIT a second time to fit accurately the emission lines. We also fitted the lines with Gaussian profiles using the non-linear leastsquares IDL fitting routine MPFIT (Markwardt 2009 ) on the continuum-free spectra. The two methods agree very well and give similar line fluxes (within the uncertainties). We find significant differences (up to a factor of 3 in line flux) when trying to measure the line fluxes in one go with PAHFIT, the many free parameters making the fit inaccurate.
For each of undetected emission lines, we computed the flux of an unresolved Gaussian line with a peak flux equal to twice the rms noise in a 1 µm-wide band centred at the wavelength of the line. We took this flux value as a 2 σ upper limit.
We also compute the 24 µm rest-frame fluxes by averaging the IRS line-free spectrum over a narrow band (23 − 25 µm). These narrowband 24 µm fluxes are listed in Table 1 .
SPECTROSCOPIC DIAGNOSTICS
The full high-resolution (SH+LH, i.e. observed wavelengths 9.9 − 37.2 µm) spectra are shown in Figure 2 , and the low-resolution spectra are presented on Figure 3 . The location of the detected PAH complexes and emission lines are marked on each spectrum. Overall, the spectra are of very good quality, with noise levels expected for such exposure times. Some minor spurious features still remain, in particular in the LH spectra (noisier than the SH), which are due to bad pixels or instrumental artefacts that were not cleaned during the data reduction. In appendix, we provide zooms on the SH wavelengths ( Figure 9 ), and on all individual detected emission lines (Figure 10 and 11).
4.1. Molecular hydrogen Powerful emission lines from H 2 are detected in all of the 8 high-resolution spectra. The H 2 0-0 S(1) 17 µm and 0-0 S(3) 9.7 µm lines are detected in all radio-galaxies. The pure rotational H 2 line fluxes (or their 2 σ upper limits) are listed in Table 4 . In some cases, like 3C 236, 3C 293, and 4C 12.50, the H 2 S(1) line dominates the SH spectrum ( Figure 9 ). These H 2 strengths are comparable to those observed in the Ogle et al. (2010) sample of H 2 -bright radio-galaxies, in some galaxy collisions, like Stephan's Quintet (Cluver et al. 2010 ) and the Taffy galaxies (Peterson et al. submitted) .
To compute the masses of the warm ( 100 K) H 2 , we follow two different approaches. The first one is similar to that described by Ogle et al. (2010) and consists of assuming a thermal distribution of the H 2 levels. We constructed excitation diagrams, shown on Figure 12 , by plotting the logarithm of the column densities of the upper H 2 levels divided by their statistical weights, ln(N vJ /g J ), against their excitation energies, E vJ /k B , expressed in K. For a uniform excitation temperature, the values ln(N vJ /g J ) should fall on a straight line plotted versus E vJ /k B , with a slope proportional to T −1 exc . In a situation of local thermal equilibrium (LTE), the excitation temperature T exc equals that of the gas. We fitted the data with two or three excitation temperature components, although the gas is at a continuous range of temperatures. We constrained the temperature range to be 100 < T < 1500 K. At each fitting iteration, the statistical weights of the ortho transitions were adjusted to match the LTE value.
The results are given in Table 5 , where we list the fitted H 2 excitation temperatures, ortho-to-para ratios, column densities, masses, and total luminosities for each temperature components. The bulk of the warm H 2 is constrained by the lowest temperature component, i.e. by the S(0) and S(1) lines. Thus, if the S(0) line is not detected, we include its upper limit in the fit as a 2 σ detection (with 1 σ error bar) and quote the model results as upper limits. In all galaxies where the S(0) line is detected, we measure warm H 2 masses, from ≈ 3 × 10 8 M ⊙ in 3C 236, up to ≈ 3 × 10 10 M ⊙ in 4C 12.50. Similar extremely large warm H 2 masses were detected in 3C 433 and 3C 436 (Ogle et al. 2010) . The H 2 column densities range from < 4 × 10 20 to ≈ 2 × 10 22 cm −2 . These column densities depend on the assumed size of the emission region.
The second approach to fit the H 2 line fluxes and derive the H 2 physical parameters is similar to that described in Guillard et al. (2009) and Nesvadba et al. (2010) . It assumes that the H 2 emission is powered by the dissipation of mechanical energy in the molecular gas (see sect. 6.1 for a discussion of the H 2 excitation mechanisms). We model this dissipation with magnetic shocks, using the MHD code described in Flower & Pineau Des Forêts (2010) . The gas is heated to a range of post-shock temperatures that depend on the shock velocity, the pre-shock density, and the intensity of the magnetic field (which is perpendicular to the shock propagation). We use a grid of shock models (varying shock speeds) similar to that described in Guillard et al. (2009) , at pre-shock densities n H = 10 3 cm −3 and 10 4 cm −3 . The initial ortho-to-para ratio is set to 3, and the intensity of the pre-shock magnetic field is 30 µG. The H 2 line fluxes are computed when the post-shock gas has cooled down to a temperature of 100 K. At a given pre-shock density, the shock velocity is the only parameter we allow to vary.
A combination of two shock velocities is required to match the observed H 2 line fluxes. We show the best-fitting shock combination in Figure 13 and 14 for the two pre-shock densities. These fits are not unique, but they provide an estimate of the range of shock velocities and pre-shock densities needed to reproduce the H 2 excitation. This phase-space is well constrained when six or more H 2 lines are detected. The lowest density and shock velocity is required to fit the low-excitation lines S(0) and S(1), which probe the bulk of the warm H 2 mass, whereas the high density and shock velocity is needed to fit the high-excitation lines, above S(4). In reality, the H 2 emission arises from a distribution of densities and shock velocities. With the present data we cannot exclude the presence of very high density gas (n H > 10 5 cm −3 ). As discussed in Guillard et al. (2009) , the H 2 masses are derived by multiplying the gas cooling time (down to 100 K) by the gas mass flow (the mass of gas swept by the shock per unit time) required to match the H 2 line fluxes. The shock model parameters, gas cooling times, mass flows, and warm H 2 masses are quoted in Tables 6 and 7 . The warm H 2 masses derived from the shock modeling are larger than from the LTE model. This is mainly because of the different values of the H 2 ortho-to-para ratio, and because at n H = 10 3 cm −3 , the S(0) and S(1) lines are not fully thermalized.
Thermal dust continuum and aromatic features (PAHs)
Our sample reveal two types of spectra, those with a flat thermal dust continuum (3C 236, 3C 293, 3C 305), and those with a steep rising continuum at long wavelengths (3C 459, 4C 12.50, IC 5063, OQ 208, and PKS 1549-79) . There is a remarkable similarity between the spectra of 3C 236, 3C 293 and 3C 305 with the 3C 326 radio-galaxy (Ogle et al. 2007) , the Stephan's Quintet (Cluver et al. 2010 ) and the Taffy galaxies (Peterson et al., submitted) , where the dust continuum is very weak compared to emission lines. The narrow-band 24 µm luminosities (see sect. 3.2 and Table 1), measured on the LH spectra, span three orders of magnitude, from 5.4 × 10 9 L ⊙ (3C 305) to ULIRG-like luminosities of 1.1 × 10 12 L ⊙ (4C 12.50). For 4C 12.50 and OQ 208, our measurements are in agreement with those of Willett et al. (2010) on low-resolution IRS data.
Emission from aromatic infrared bands attributed to Polycyclic Aromatic Hydrocarbons (PAHs) excited by UV photons are detected in all galaxies. In general, in the highresolution data, the 11.3 µm band is the most prominent feature. The fluxes of the PAH complexes, given in Table 8 , are measured with PAHFIT on the emission line-free spectra (see sect. 3.2), by combining the fluxes of the blended features that contribute to the main complexes (around 8, 11.3, 12.6 and 17 µm) .
All of the radio-galaxies have a 11.3 µm PAH to 24 µm Spitzer IRS low-resolution (SL+LL) spectra of the HI-outflow radio-galaxies. The locations of PAH features and emission lines are marked for each object. The low-resolution spectra for 3C 293, OQ 208 and PKS 1549-79 were already presented by Ogle et al. (2010) and Willett et al. (2010) . In case of non-detection, the 2 σ upper limit is indicated. The H 2 S(0) to S(3) lines are measured in the high-resolution modules (except for IC 5063, where the S(3) line was measured in the SL module because it falls out of the SH wavelength coverage), and the S(4) to S(7) lines in the low-resolution modules. Note that the S(5) and S(6) lines are severely blended with the PAH 6.2 µm and [ArII]λ 6.98 µm features. ( 0) 3.000 3.6E+18 1.4E+06 (0.2) 1.4E+09 a Assumed size (diameter) of the H 2 emitting source for the calculation of the column densities. b Fitted excitation temperature assuming LTE (see text for details). c H 2 ortho-to-para ratio (fitted self-consistently to fulfill the LTE approximation). d H 2 model column densities. e Warm H 2 masses (and 1 σ uncertainties) derived from the fit. In case of non-detection of the S(0) line, a 2 σ upper limit is quoted. f Total H 2 luminosity, summed over all rotational transitions (including those not observed with Spitzer, which includes a ≈ 40% correction at 200 K).
luminosity ratio that ranges from L PAH 11.3 /L 24 µm = 4 × 10 −2 for 3C 293 to 8 × 10 −4 for 4C 12.50, which is similar to the ratios observed in the Ogle et al. (2010) sample of 3C radio-galaxies. This ratio is significantly lower than the SINGS star-forming galaxies, where the median ratio is ≈ 0.1. 3C459, PKS 1549-79 and 4C 12.50 are ULIRGs, but their L PAH 11.3 /L 24 µm ratios are at the lower end of the observed values (≈ 10 −3 ). The mid-IR continuum of these radio-galaxies is therefore dominated by dust emission from the accretion disk or synchrotron emission from the jet, but not by star formation. The weakness of the PAH emission relative to the continuum emission is related to the weakness of the stellar UV radiation field (see Ogle et al. 2010 , and sect. 6.1 for a discussion of this claim). Although PAH emission is expected to be diminished because of PAH destruction by hard UV or Xray radiation close to the AGN Voit (1992) , or because of gas suppression close to the nuclei, it is unlikely that their abundances are reduced significantly at galactic scales by AGN effects (Ogle et al. 2010) .
Silicate absorption at 9.7 and 18 µm is present in the lowresolution spectra of OQ 208 and 4C 12.50 (Willett et al. 2010) , as well as PKS 1549-79. OQ 208 is the only galaxy showing silicate emission (Willett et al. 2010 ). The observed values for the 8 HI-outflow radio-galaxies are compared to shock and photoionization grids of models. The shock model grid is from the Allen et al. (2008) MAPPINGS III shock code for combined precursor and shock models. The gas metallicity is solar and the pre-shock gas density is n H = 10 cm −3 . The orange lines indicate constant shock velocities, from 200 (light orange) to 1000 km s −1 (red), and the blue lines constant magnetic field strengths, from 10 −3 (light blue) to 100 µG (purple). The deeper the color, the larger is the parameter. The grid of photoionization NLR models was computed with the CLOUDY code (Ferland et al. 1998 ) with a standard power-law spectral index α = −1.5 and varying ionization parameter (green lines, U 0 = 1 − 10 −2 ) and density n H (pink lines, n H = 10 3 − 10 6 cm −3 ). On the right plot, since the shock and photoionization models partially overlap, the constant density lines are dashed for clarity. The fluxes of the most commonly detected mid-IR ionized gas lines are listed in Table 9 . The [NeII] 12.8µm and [NeIII] 15.55µm are detected at high signal to noise ratio (> 6) in all 8 radio-galaxies. The [OIV] 25.89µm and [FeII] 25.99µm pair is also very common, with at least one line of the doublet detected in 7/8 galaxies. The high ionization (E ion = 97.12 eV) [NeV] 14.32µm line is detected in half of the sample. Although listed as non-detected by Farrah et al. (2007) and Willett et al. (2010) , we securely detect this line in 4C 12.50 at 3.2 σ.
Ionic fine-structure lines
Three objects show detections in both [NeV] 14.32 and 24.32 µm lines. The flux ratios of these two lines are consistent with electron densities of n e ≈ 3 × 10 3 cm −3 for IC 5063 and PKS 1549-79 17 , and n e < 10 3 cm −3 for 3C 305 (see e.g. Figure 3 of Alexander et al. 1999) . These densities are below the critical densities of both lines (see also Dudik et al. 2009 Table 9 , are detected in the high-quality spec- Figure 9 ).
In such objects, the excitation of the fine-structure lines can arise from photo-ionization by the AGN (e.g. Veilleux & Osterbrock 1987; Meijerink et al. 2007) or by shocks (e.g. Dopita & Sutherland 1996) . In practice, distinguishing between the two excitation mechanisms is difficult, since the line flux ratios can be differentially affected by the structure (homogeneous or clumpy) of the emitting gas, and since the model predictions for fine-structure line flux ratios are degenerate for both excitation mechanisms (see also Groves et al. 2006) .
In Sect. 6.1, we will show that the warm H 2 emission is likely powered by shocks. Is it also the case for the observed ionized line emission? In Figure 4 , we compare the observed values of three fine-structure line flux ratios to the predictions of shock and photo-ionization models. The grid of fast ( 200 km s −1 ) radiative shocks is from Allen et al. (2008) . The pre-shock gas density is n H = 10 cm −3 . Note that augmenting the density by a factor 10 reduces these line flux ratios by a factor 2 − 3 on average, thus shifting the models to the bottom left of Figure 4 by 0.3 − 0.5 dex. The photo-ionization models are computed with the CLOUDY code (Ferland et al. 1998) , with a setup updated from the narrow line region (NLR) models presented in Ferland & Netzer (1983) . We used a dusty gas slab model at constant pressure, a power-law ionizing continuum with f ν ∝ ν −1.5 and no cut-off or extinction. We varied the hydrogen density of the gas from 10 3 to 10 6 cm −3 and the ionization parameter 18 from U 0 = 10 −2 to 1. Note that these models are simplistic: they do not include geometrical and inhomogeneity effects, as well as metallicity differences (assumed to be solar here). A detailed model of the mid-IR emission of these sources is beyond the scope of this paper. Sturm et al. 2002) . The shock radiative precursor, which ionizes the gas ahead of the shock front by UV and soft X-ray photons, adds an emission component of a highly ionized gas. However, for the sources containing a powerful AGN, the high values of the observed 
KINEMATICS OF THE MULTIPHASE GAS
In this section we describe and compare the kinematics of the mid-IR H 2 and ionized gas lines (from the IRS data and optical data from the literature) to the kinematics of the outflowing HI gas.
Analysis of the line profiles
We fitted all the mid-IR lines with Gaussians on the dustfree high-resolution spectra (sect. 3.2). This allows us to carefully extract line profiles, especially when those are located close to underlying PAH structure, as it is the case for the [NeII] 12.8µm line for instance. We pay a special attention to the fitting of the [NeII] by checking that the PAH 12.6 µm has been correctly removed by the PAHFIT modelling, since the PAH features at 12.62 and 12.69 µm (Hony et al. 2001 ) may contribute to an apparent blue-shifted wing of the line. We validated our subtraction method by simulating the presence of an artificial Lorentzian complex in the 12.6 − 12.9 µm range of intensity compatible with the observed PAH 6.2 and 7.7 µm features. We find that the strength of the simulated 12.6 µm feature measured with PAHFIT is at least a factor of 5 smaller than the strength of the [NeII] blue wing. In addition, the strength of the 12.7 µm PAH complex correlates with the 6.2 µm feature, which is another indication that our measurement of the 12.7 µm PAH complex is correct. We assume a Gaussian decomposition of the instrumental profile (shown on each of the lines in Figures 10 and 11) , and we derive the intrinsic linewidth (FWHM w i in km s −1 ) from 1/2 , where w m is the FWHM in km s −1 directly measured on the observed spectrum, and w IRS = c/R is the velocity resolution of the IRS. c is the speed of light, and R = 600 ± 72 is the spectral resolution of the high-resolution module, corresponding to w IRS = 500 ± 60 km s −1 . Measurements of calibration targets indicate that the resolution of the high-resolution module of the IRS is constant over its wavelength coverage (Dasyra et al. 2008 ). The error on w m is computed as ǫ m = (ǫ Table 11 . According to the criterion defined above, more than 60% of the detected H 2 lines are resolved by the Spitzer IRS, with FWHM up to ≈ 900 km s −1 . All the sources, except OQ 208, have at least one broad H 2 line with intrinsic FWHM> 430 km s −1 . 3C 293, 3C 305, 3C 459, 4C 12.50, and IC 5063 show two or more resolved H 2 lines. These results show that the warm H 2 gas is very turbulent in most of the sources. As we will show in sect. 6.2, a fraction of the warm H 2 emission is at velocities larger than the escape velocity.
Three of the sources, 3C 459, 4C 12.50 and PKS 1549-79 exhibit asymmetric H 2 line profiles, with blue-shifted wings ( Figures 6, 10 and 11) . However, the detection of these wings is tentative, at a 2.5 − 2.8 σ significance for the S(1) line, and even weaker for the S(2) and S(3) lines. Therefore we do not attempt to fit these wings, and we do not include them in the FWHM quoted in Table 11 . Deeper observations at higher spectral resolution are needed to confirm the blue-shifted H 2 emission and measure what fraction of the the warm H 2 gas is participating to the outflow, and to derive the outflow parameters (warm H 2 mass in the outflowing component, mass outflow rate, etc.). 
Ionized gas
< 500 408 (49) < 500 < 500 632 (71) < 500 < 500 661 (75) < 500 PKS 1549 PKS -79 1355 848 (83) 967 (89) Spoon & Holt (2009) .
To characterize the asymmetry and study the kinematics of the outflowing ionized gas, we decomposed the asymmetric line profiles into two Gaussian components, which provides a satisfactory fit. The resulting fit and the broad component are shown on Figures 10 and 11 . The detailed results of the fits are listed in Table 13 . The intrinsic FWHM of the broad [NeII] 12.8µm components range from ≈ 730 km s −1 (PKS 1549-79) to ≈ 2300 km s −1 (3C 293). In three sources (3C 459, 4C 12.50, and PKS 1549-79) , the broad component is clearly blue-shifted with respect to the systemic velocity, with velocity shifts up to ≈ 800 km s −1 . For 3C 236, the entire [NeII]12.8µm line and the broad HI absorption profile are redshifted by ≈ 500 km s −1 with respect to systemic, whereas the H 2 line is centred on the systemic velocity. This is a clear case where a large fraction of the ionized and HI gas is in an outflow, but the H 2 gas is not.
HI gas
In this section we use the WSRT HI absorption profiles (Morganti et al. 2005b ) to quantify the kinematics and energetics of the HI gas. We recall that this HI absorption, detected against the radio continuum, is spatially unresolved, except for IC 5063 and 3C 305. The profiles all exhibit a deep and narrow (FWHM<200 km s −1 ) component that traces quiescent gas (likely located in a large scale disk), plus shallow and broad components (with FWHM up to 970 km s −1 ), mostly blueshifted, that indicate outflowing gas (e.g. Morganti et al. 2003) . Two or three Gaussians were necessary to accurately fit the profiles (see Figure 15) . The Gaussian fitting parameters and energetics of the HI gas are summarized in Table 14 .
At each given velocity, the optical depth (τ ) is calculated from e −τ = 1 − S abs /S cont , where S abs is the absorption flux and S cont is the underlying radio continuum flux. Then, the HI column density is derived from:
where v is the velocity and T spin is the spin temperature of the HI gas, assumed to be 1000 K, given that the HI gas is heated by X-ray photons and shocks (see e.g. Bahcall & Ekers 1969; Maloney et al. 1996) . Note that this value of T spin is an order of magnitude, and could well be within a 10 2 − 10 4 K range. The mass of HI gas is derived from N HI and the size of the HI absorption region (see sect. 2 and Table 2 ).
The turbulent kinetic energy of the HI gas (associated with the velocity dispersion of the gas) is estimated from E The bulk (radial) mechanical energy of the entrained gas in the outflow is calculated directly from the broad HI profile (after subtraction of the narrow component) by integrating the following quantity relative to the systemic velocity (v sys ):
where r is the HI outflow radius (see Table 2 and Morganti et al. 2005b ).
For comparison, one can assume an outflow with a constant velocity and mass flowṀ, and derive the energy loss rate as (Heckman 2002 ):
where C f is the covering fraction and Ω the opening solid angle in which the gas the outflowing from a radius r.
The energetic quantities defined above are listed in Table 14. The conversion from the kinetic energies to the kinetic luminosities are done via a timescale defined with the radius r and the outflow velocity (or velocity dispersion). The bulk (radial) HI kinetic luminosities and energy loss rates are larger than the turbulent (velocity dispersion only) kinetic luminosities, except for OQ 208. The size of the OQ 208 radio source is small and the HI absorption spectrum exhibits three broad components, which makes the identification of the outflow component difficult. The bulk HI kinetic luminosities repre- Note.
-Results from a two-component Gaussian decomposition of the [NeII]12.8µm emission line profiles into narrow (n) and broad (b) components. λc is the central wavelength of the component and corresponds to a velocity shift vc of the component with respect to systemic velocity. The statistical error on the velocity shift does not include corrections for the uncertainty in the wavelength calibration, which is 1/5 of a resolution element (100 km s −1 ). wm (respectively w i ) is the observed (resp. intrinsic) FWHM before (resp. after) removal of the instrumental profile in quadrature (see sect. 5.1 for details).
Table 14
HI gas kinematics and energetics: broad HI component associated with the neutral outflow sent about a few percent of the Eddington luminosities. This is two orders of magnitude larger than the ionized outflow kinetic power (Holt et al. 2006; Morganti et al. 2007 Morganti et al. , 2010 ). We will further discuss these results in sect. 6.2 when examining the transfer of kinetic energy from the jet to the HI and H 2 gas.
Comparison of the multiphase gas kinematics
In Figure 5 , we compare the measured FWHM of the H 2 S(1) and [NeII]λ 12.8µm lines. Except for IC 5063 and OQ 208, the [NeII] is systematically broader, by a factor of 40%, than the 17 µm H 2 S(1) line. This is also the case for the other ionic fine-structure lines: the velocity dispersion of the ionized gas is generally larger than that of the warm H 2 gas. Figure 6 compares the kinematics of the ionized, atomic and warm H 2 gas. In 3C 236, 3C 293, 3C 305, 3C 459, 4C12.50 and PKS 1549-79, the blue-shifted, broad HI absorption profile matches the blue wing of the [NeII]λ 12.8µm line. The ionized and atomic gas are well coupled dynamically and outflowing at comparable velocities. Most of these galaxies are also known to exhibit outflows from optical spectroscopy: blue-shifted 5007 Å[OIII] line emission have been reported in 3C 293 (Emonts et al. 2005 ), 3C 305 (Morganti et al. 2005b ), IC 5063 (Morganti et al. 2007 ), PKS 1549-79 (Tadhunter et al. 2001; Holt et al. 2008 ), 4C 12.50 (Holt et al. 2003 (Holt et al. , 2008 and 3C 459 (Holt et al. 2008) . For these three targets, the [OIII] velocity widths and shifts with respect to the systemic velocity are very close to our measurements of the [NeII] suggests that the outflow speed decreases with distance to the central ionizing source.
On the other hand, in general, the kinematics of the warm H 2 gas does not follow that of the ionized or atomic gas. In the cases where a blue wing is tentatively detected on the H 2 S(1) line (for 4C 12.50, 3C 459 and PKS 1549-79), the velocity extent of this H 2 wing is smaller than that of the [NeII] line. If some of the H 2 gas is entrained in the flow, its velocity is at least a factor of 2 to 3 smaller than that of the ionized and atomic gas, based on the comparison between the velocity extent of the blue-shifted H 2 S(1) signal, and the one observed for the optical and mid-IR ionized gas lines. Note that the broad molecular line -e.g. CO(1-0)-components detected in composite sources like Mrk 231 are at a 1 − 5% level of the peak line flux. The limited sensitivity and spectral resolution of the Spitzer IRS do not allow us to securely detect such broad wings in the H 2 lines at comparable levels. In addition, if the molecular gas in these galaxies lies in a very turbulent rotating disk (as confirmed by our VLT/SINFONI observations of 3C 326, Nesvadba et al. 2011a) , H 2 line wings in spectra integrated over the whole galaxy could be difficult to to identify on top of the fast rotation-velocity field.
6. DISCUSSION 6.1. Which dominant mechanism powers the H 2 emission? Following Ogle et al. (2010) , we use the H 2 to PAH luminosity ratio, plotted on Figure 7 , to investigate the contribution of UV photons to the total heating of the H 2 gas. In "normal" star-forming galaxies and dwarfs, the tight correlation between the H 2 and PAH luminosities, and the correspondence of the H 2 -to-PAH luminosity ratio with PDR models, suggest that most of the H 2 line emission is powered by stellar UV photons (e.g. Rigopoulou et al. 2002; Higdon et al. 2006; Roussel et al. 2007 ). Strikingly, all of the HI-outflow radio-galaxies have a L(H 2 )/L(PAH7.7) ratio larger (by at least a factor of 4) than the median value observed for star-forming galaxies (0.0086 for the SINGS galaxies, Roussel et al. 2007) . These H 2 -bright galaxies fall in the MOHEGs (molecular hydrogen emission galaxies) category (Ogle et al. 2010) we computed the H 2 S(0)-S(3) to PAH 7.7 µm flux ratio as a function of the G UV /n H , where G UV is the intensity of the UV radiation field (in Habing units) illuminating a slab of gas of hydrogen density n H . The H 2 -to-PAH ratio is high for small values of G UV /n H . Exploring densities from n H = 10 2 to 10 4 cm −3 and G UV = 1 − 10 4 , we find a maximum H 2 -to-PAH flux ratio of 4 × 10 −2 , which is in agreement with the Kaufman et al. (2006) models. This value is precisely the limit chosen empirically by Ogle et al. (2010) to define MOHEGs. All of the HI-outflow radio-galaxies have L(H 2 )/L(PAH7.7) > 0.04 (see Figure 7) , showing that their H 2 emission cannot be accounted only by UV heating.
Interestingly enough, Figure 7 shows that the sources having the largest H 2 to PAH luminosity ratio have moderate IR luminosities (L 24µm ≈ 10 9 L ⊙ ) and are jet-dominated, suggesting that the jet plays an important role in powering the H 2 emission. At larger IR luminosities, the sources become dominated by star formation, hence the more moderate H 2 to PAH ratios. We do not find any extreme H 2 to PAH luminosity ratios (> 1) at large IR luminosities (L 24µm 10 11 L ⊙ ). This may be due to the fact that all of these sources are at low ( 0.3) redshifts, so the most luminous quasars are not included in this sample. We note that the predominately radio-quiet Higdon et al. (2006) sample of ULIRGs (0.02 < z < 0.93) and the Schweitzer et al. (2006) sample of QSOs (z < 0.3) have H 2 to PAH luminosity ratios significantly higher than the SINGs star-forming galaxies. Although their H 2 to PAH luminosity ratios are compatible with the range of ratios predicted by PDR models, other studies (based on extinction or H 2 -to-CO line ratios), suggest that additional sources of H 2 excitation (other than UV photon heating) are required to explain the H 2 emission (e.g. shocks, see Zakamska 2010; Fiolet et al. 2010) .
AGN X-ray heating is potentially a source of H 2 excitation (e.g. Maloney et al. 1996) . Assuming a characteristic H 2 gas temperature of 200 K and that all the X-ray flux from the AGN is absorbed by the molecular gas, Ogle et al. (2010) estimated that the maximum H 2 -to-X-ray luminosity ratio is of the order of L(H 2 0 − 0S(0) − S(3))/L X (2 − 10 keV) < 0.01. We use the c08.01 version of the CLOUDY code, last described by Ferland et al. (1998) , to compute this ratio for a cloud of density n H = 10 4 cm −3 and a total ionizing photon luminosity corresponding to L X (2 − 10 keV) = 10 43 erg s −1 , which is the average X-ray luminosity measured for our sample. The covering and filling factors are set to unity. For this set of parameters we find L(H 2 0 − 0S(0) − S(3))/L X (2 − 10 keV) = 7 × 10 −3 , which is in reasonable agreement with the upper limit of 0.01 given above. All HI-outflow radio-galaxies that have X-ray measurements have an observed H 2 -to-X-ray flux ratio above that limit (see last column of Table 1), which shows that the X-ray heating cannot be the dominant powering source of the H 2 emission in HI-outflow radio MOHEGs, except perhaps in IC 5063, where the H 2 -to-X-ray luminosity ratio is close to 0.01.
Another source of heating for the warm H 2 gas is cosmic rays, as proposed by Ferland et al. (2008) to explain the mid-IR H 2 emission observed from the Hα-emitting filament in the Perseus A cool-core cluster (Johnstone et al. 2007 ). Following, the discussion by Ogle et al. (2010) , we find the observed H 2 S(0)-S(3) line cooling (i.e. the H 2 luminosity per H 2 molecule, using the modelled H 2 masses given in Table 6) could be balanced by cosmic ray heating if the cosmic ray ionization rate (per H) is ζ H = 2 × 10 Ratio of the mid-IR H 2 line luminosities (summed over S(0) to S(3)) to the PAH 7.7µm emission vs. narrow-band 24µm continuum luminosity. This ratio indicates the relative contribution of mechanical heating (shocks) and star-formation (SF) power. The red pentagons are the nearby radio galaxies with fast (> 1000 km/s) HI outflows. The orange triangles are the H 2 -bright radio-galaxies presented by Ogle et al. (2010) , augmented by the compact symmetric objects observed by Willett et al. (2010) . The green ellipses are elliptical galaxies from the Kaneda et al. (2008) sample. The purple triangles are the H 2 -bright cool-core galaxy clusters from Donahue et al. (2011) . These H 2 -luminous galaxies stand out above SF and AGN galaxies from the SINGS survey (open diamonds and blue circles; data from Roussel et al. 2007) . The black dotted line shows the median value of the H 2 -to-PAH luminosity ratio for the SINGs SF galaxies. The H 2 emission in these sources cannot be accounted for by UV or X-ray photon heating. The blue dashed line shows the upper limit given by the Meudon PDR models ( which is 10 3 − 10 4 times higher than the standard Galactic rate (ζ H = 2.5 × 10 −17 s −1 , Williams et al. 1998) . This would require a cosmic ray pressure 1 − 10 times higher than the thermal pressure of the warm H 2 gas (≈ 10 7 K cm −3 ). Although we cannot exclude it for some of our sources, in the most extreme cases (3C 305, 3C 459, PKS 1549-79) that require the highest ionization rates, it is unlikely that such a departure from the equipartition of energy can be supported on galactic scales. Ogle et al. (2010) and Nesvadba et al. (2010) argued that the dissipation of the kinetic energy of the radio jet is the most probable source to power the H 2 emission in radio MOHEGs. The fact that all the radio sources studied here have bright H 2 emission reinforces the idea that the radio jet, which drives the HI outflow, is also responsible for the shock excitation of the warm H 2 gas. As in 3C 326 (Ogle et al. 2007; Nesvadba et al. 2010) , all HI-outflow radio MOHEGs in our sample have jet kinetic powers that exceed the observed H 2 luminosity (see Table 2 ) and the HI turbulent and bulk kinetic luminosities (see Table 14 ). The jet provides a huge reservoir of mechanical energy that can be dissipated over timescales of the order of 10 8 yrs, perhaps exceeding the jet lifetime . Since the cooling time of the warm H 2 gas (≈ 10 4 yr) is much shorter than the dynamical timescales of the injection of mechanical energy (≈ 10 7 yr), the large masses of warm H 2 gas requires that the gas is repeatedly heated. Spitzer H 2 observations thus imply an energy cascade converting bulk kinetic energy of the multi-phase ISM to turbulent motions of much smaller amplitude within molecular gas (Guillard et al. 2009) . This is what motivated us to model the observed H 2 line fluxes with shock models (sect. 4.1). The turbulent heating of the molecular gas in powerful AGN is also suggested by observations of highly excited CO lines (e.g. Papadopoulos et al. 2010 ).
6.2. Efficiency of the transfer from the jet kinetic energy to the HI and H 2 gas Two main mechanisms may be responsible for driving the observed outflow of HI and ionized gas: the radiation pressure from the AGN (or the starburst if present), or the mechanical impact of the radio source. For the sources studied here, based on the spatial correspondence of the HI broad absorption, optical outflowing component, and an off-nucleus bright spot in the radio jet for some of the sources, we favour the second mechanism. Outflows are most likely driven by the interaction between the expanding radio jets and the ionized/atomic gaseous medium enshrouding the central regions (e.g. Emonts et al. 2005 ). This may also be the case in even more powerful, high-redshift quasars (Nesvadba et al. 2011b; Polletta et al. 2011 ) and high-redshift radio galaxies (Humphrey et al. 2006) .
The details of the physics that govern the energy transfer from the radio jet to the molecular gas are not yet understood. Being collimated, the jet itself cannot affect a significant fraction of the volume of the ISM of the host galaxy. Instead, the expanding cocoon of hot and tenuous gas inflated by the jet (e.g. Begelman & Cioffi 1989 ) could transfer part of its kinetic energy to the molecular gas by driving shocks into the dense clouds or/and by turbulent mixing between hot and cold gas, similarly to the process proposed by Guillard et al. (2009) to explain the powerful H 2 emission from the Stephan's Quintet galaxy collision. It also possible that part of the bulk kinetic energy of the outflowing HI gas is transferred to the molecular phase through shocks. The top (respectively bottom) panel of Figure 8 compares the H 2 luminosity to the turbulent (resp. bulk) HI kinetic luminosity. In all sources, the bulk HI kinetic luminosity exceeds by more than one order of magnitude the observed H 2 luminosities. The dissipation of a small fraction (< 10%) of this kinetic energy in the molecular gas could power the H 2 emission.
Numerical simulations of the impact of jets on galaxy evolution stress the importance of considering the multi-phase nature of the host galaxy ISM (e.g. Sutherland & Bicknell 2007) . Wagner & Bicknell (2011) showed that the efficiency of transfer of kinetic energy and momentum from the jet to the dense (n H > 10 2 cm −3 ) gas can be high (10-70%), with the momentum flux of the clouds exceeding that of the jet. However, the mid-IR IRS spectroscopy of the H 2 rotational lines presented in this paper indicates that most of the molecular gas does not share the kinematics of the outflowing atomic and ionized gas. If most of the H 2 gas was in the outflow, we would have observed blue-shifted H 2 lines, similar to the ionized gas lines. This suggests that the dynamical coupling between the molecular gas and the more tenuous outflowing gas is weak, probably because of the high density contrast between these phases. For density contrast of 10 4 , it takes ≈ 4 × 10 8 yrs to accelerate a 10 pc cloud up to a velocity of 500 km s −1 (e.g. Klein et al. 1994) , which is likely to be longer than the jet lifetime. If some H 2 gas is effectively outflowing, the wind would remove this gas gradually over an AGN lifetime. It is very unlikely that the entire mass of the molecular disk would be entrained in the wind. Thus the fraction of the molecular gas expelled from these galaxies could be small, which does not fit with the current assumptions made in the cosmological galaxy evolution models that assumes that AGN feedback sweep up most of the gas during the epochs of strong star-formation (e.g. Hopkins et al. 2006; Narayanan et al. 2008) .
The current numerical simulations show a very efficient transfer of momentum essentially because the dense (n H > 1 cm −3 , T = 10 4 K) gas cools very fast. These calculations do not include the turbulent cascade and dissipation of the kinetic energy due to the supersonic turbulence within the dense gas phase, which would make the gas cooling longer, and therefore the dynamical coupling less efficient. The dynamical coupling would be much more efficient if a significant fraction of the warm H 2 gas is formed in situ, i.e. in the outflow, from shocked HI gas. On the contrary, our data suggest that the bulk of the warm H 2 mass is difficult to entrain in the outflow, and is rather perhaps settled in the galactic disk. A similar conclusion is reached based on near-IR IFU observations of nearby Seyfert galaxies (Storchi-Bergmann et al. 2009; Riffel & Storchi-Bergmann 2011) , where the H 2 gas is concentrated in the galactic plane (with a velocity structure consistent with a rotating disk), whereas the ionized gas is mostly distributed along the outflowing cone.
On the other hand, in some of the sources studied here, the H 2 lines are broad, showing that the H 2 gas is very turbulent. This suggests that the molecular gas is heated by the dissipation of supersonic turbulence, which can prevent it from being gravitationally bound (and thus from forming stars), rather than expelled from the galaxy. In some cases, these turbulent motions are unlikely to be rotation-supported. Assuming the galaxies are pressure-supported with an isothermal mass profile, we derived the escape velocities, v esc , from the stellar masses: v esc = 2 G M ⋆ /(5 r e ). We assume an effective radius of r e = 2 kpc. We find escape velocities that range from 70 km s −1 (OQ 208) to 330 km s −1 (4C 12.50). In all of the sources, the observed H 2 velocity dispersions (up to ≈ 300 km s −1 , broader than that observed in nearby Seyferts) are comparable to their escape velocities, except for IC 5063, where σ(H 2 ) ≈ 3 × v esc . Thus, a fraction of the warm H 2 gas could become unbound and escape from these galaxies because of its high velocity dispersion. However, the fraction of the H 2 S(1) line emission having velocities larger than the escape velocity is small ( 10 %), so it is unlikely that this process would strongly affect and empty the reservoir of molecular gas in these galaxies.
We are complementing the observations presented here with higher resolution spectroscopy of near-IR H 2 lines, interferometric CO line observations, and Herschel spectroscopy and photometry, to complete our census of the physical and dynamical state of the molecular gas in these sources. For extended objects, the use of near-IR IFUs is necessary. Hopefully, JWST/MIRI will allow us to probe mid-IR H 2 lines at a much better sensitivity and 5× better spectral resolution than the IRS.
CONCLUSIONS AND FINAL REMARKS
We present mid-IR Spitzer spectroscopy of 8 nearby radiogalaxies where fast outflows of ionized and atomic gas were detected by previous optical and radio observations. Our main results and conclusions are the following:
• In all of the sources, we detect high equivalent width H 2 line emission from warm (100-5000 K) molecular gas, implying warm H 2 masses ranging from 10 8 to 10 10 M ⊙ . The observed H 2 -to-PAH luminosity ratios are all above the values predicted from photo-ionization models, and we suggest that the H 2 emission is associated with the dissipation of a fraction of the kinetic energy provided by the radio jet.
• In 5 sources (3C 236, 3C 293, 3C 459, 4C 12.50 and PKS 1549-79) , we securely detect blue-shifted wings (up to 3000 km s −1 ) on the [NeII] (and [NeIII] for the highest SNR spectra) that matches remarkably well with the blue-shifted, broad HI absorption associated with the outflow.
• All but one of these sources have resolved and very broad mid-IR rotational H 2 lines with FWHM 500 km s −1 (and up to 900 km s −1 ), compared to only 2% overall amongst the 298 AGN with such spectra in the Spitzer archive (Dasyra & Combes 2011) . This suggests that the efficiency of kinetic energy deposition into the molecular ISM is higher in radio jet sources than in other types of AGN.
• The kinematics of the warm H 2 gas do not follow that of the ionized or HI gas. The rotational H 2 lines are systemically narrower than the mid-IR ionized gas lines, and do not exhibit asymmetric profiles with blueshifted wings (except perhaps tentative detections in three targets, 4C 12.50, 3C 459, and PKS 1549-79). We conclude that, although very turbulent, the bulk of the warm H 2 mass is not entrained in the wind.
• We show that UV, X-ray and cosmic ray heating are unlikely to be the dominant source of H 2 excitation. We argue that the dissipation (via supersonic turbulence) of a small fraction (< 10%) of the mechanical energy provided by the radio jet can power the observed emission. Table 5 . Figure 15 . Gaussian decompositions of the HI absorption profiles observed with the Westerbork telescope. The data is from Morganti et al. (2005b) , except for 3C 293, where we used more recent observations taken by B. Emonts with the Westerbork telescope.
